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Surgical TechniquesUrgent implantation of the Berlin Heart Excor biventricular
assist device as a total artificial heart in a patient with single
ventricle circulationKlaus Valeske, MD,a Can Yerebakan, MD,a Matthias Mueller, MD,b and Hakan Akintuerk, MD,a
Giessen, GermanyVideo clip is available online.
A 19-year-old boy with single ventricle anatomy pre-
sented to our department with failing Fontan circulation
and secondary end-stage cardiorespiratory failure. He
had been born with hypoplastic left heart syndrome
(mitral atresia, aortic stenosis) and had undergone Nor-
wood stage I and II palliations in 1993. Four years later,
a total cavopulmonary connection with fenestration
was conducted. Since 2005, he had gradually developed
signs of cardiac failure, leading to frequent in-hospitalFIGURE 1. Perioperative head near-infrare
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with intractable cardiac failure, massive dilatation of the
system ventricle, and New York Heart Association class
IV. The patient was reported to Eurotransplant as
a high-urgency transplantation candidate. Despite high-
dose inotropic support and maximal therapy for cardiac
failure, he developed acute cardiorespiratory failure,
with signs of cerebral malperfusion according to near-
infrared spectroscopy (Figure 1). We decided to implant
a biventricular assist device.SURGICAL TECHNIQUE
It was exceedingly difficult to achieve access to the car-
diac structures owing to the massive adhesions in the
mediastinum intraoperatively. In addition to the rigidity
of the tissue, extensive bleeding ensued owing to the dense
adhesions and collateral vessel formation. Also, the pa-
tient’s cardiorespiratory status deteriorated steadily, lead-
ing to a systemic blood pressure of 30 mm Hg, despite
high-dose inotropic support. We gained access to a limited
area of the ascending aorta and the superior vena cava,
such that urgent cannulation of the patient was established
under ongoing cardiorespiratory resuscitation. Extracorpo-
real circulation was begun with 50% of the calculated to-
tal blood flow until cannulation of the inferior vena cava.d spectroscopy recording of the patient.
gery c May 2014
FIGURE 2. A, Situs after explantation of the heart. Note the Fontan pathway and the opened former site of fenestration on the conduit. B, Reestablishment
of the continuity between the inferior vena cava and superior vena cava after detachment of the superior vena cava from the pulmonary artery, patch closure
of the defect on the pulmonary artery, and Gore-Tex vascular graft (asterisk) interposition between the Fontan conduit and superior vena cava. C, Patch
closure of the left atriumwith xenograft pericardium (asterisk). Note the vent in the left atrium (arrow). D, Implantation of the Berlin Heart left atrial cannula
onto the xenograft pericardial patch. E, Implantation of the Berlin Heart aortic cannula after extension of the cannula using a vascular graft prosthesis (ar-
row). The aorta of the patient had to be surgically narrowed to adapt to the vascular graft (see Video 1). F, Implantation of the Berlin Heart pulmonary artery
cannula (asterisk) after graft extension. G, Implantation of the Berlin Heart right atrial cannula onto the former Fontan conduit at the site of the former
fenestration. H, Situs after completion of Berlin Heart biventricular assist device implantation as a total artificial heart. From left to right, aortic, left atrial,
pulmonary artery, and right atrial cannulas.
Surgical TechniquesHowever, even after complete exposure of all cardiac
structures, implantation of a biventricular assist device
seemed impossible because of massive dilatation of the
heart, leading to extremely limited space and brisk
bleeding from the collateral vessels in the mediastinum.
We decided to explant the heart and implant a Berlin Heart
biventricular assist device (Berlin Heart AG, Berlin, Ger-
many) as a total artificial heart. The aorta was divided
below the aortic crossclamp, and extensive stepwise prep-
aration around the heart followed. The bidirectional Glenn
anastomosis was detached from the right pulmonary ar-
tery, and the defect on the right pulmonary artery was
closed using xenopericardium. The extracardiac Fontan
conduit was removed from the caudal right pulmonary ar-
tery, and a new extracardiac conduit was connected be-
tween the superior vena cava and the old extracardiac
prosthesis. The remainder of the left atrium with theThe Journal of Thoracic and Carpulmonary veins was reconstructed and closed using a
xenopericardial patch ventrally. The fenestration site on
the extracardiac conduit was enlarged and reconstructed
with xenopericardium. The left atrial cannula of the assist
device was connected with a circular opening on the xen-
opericardium over the left atrium. Two graft-adapted 16F
prostheses were connected to the aorta—after downsiz-
ing—and to the prosthesis on the former site of the Glenn
anastomosis on the pulmonary artery. Finally, the second
venous cannula onto the xenopericardium of the former
extracardiac conduit was connected. The left atrial and
aortic cannulas were connected to an 80-mL chamber,
and the right atrial and pulmonary artery cannulas were
attached to a smaller 60-mL chamber by considering the
bronchial blood flow in a normal circulation. Weaning
from the extracorporeal circulation was tolerated well
(Figure 2, Video 1).diovascular Surgery c Volume 147, Number 5 1713
Surgical TechniquesPOSTOPERATIVE COURSE
The intensive care course of the patient was complicated,
not only by the severely compromised overall preoperative
status of the patient, but also by the lacking heart chamber
and its reservoir function. Successful extubation of the pa-
tient was achieved on the sixth postoperative day. Contin-
uous venovenous hemofiltration was required because of
renal failure, which was present preoperatively, and additive
renal malperfusion during the phase of preoperative cardio-
pulmonary resuscitation. The establishment of adequate
perfusion to ensure acceptable central venous oxygen satu-
ration revealed a challenge owing to insufficient filling of
the left assist chamber. Higher pressures on the left assist
system had to be instituted because of clinically relevant he-
molysis, the necessity of massive blood transfusion, consec-
utive hyperbilirubinemia, and cholestasis. Greater central
venous pressures, which needed to be kept at 15 to 20
mm Hg, led to hepatic congestion and ascites later in the
treatment course. During the second postoperative week, a
severe septic episode ensued and was treated with a broad
antibiotic and antimycotic regimen. Mediastinal explora-
tion was performed to remove a massive hematoma forma-
tion that was considered a probable source of infection.
Subsequently, the infection parameters declined steadily.
However, heparinization of the patient led again to medias-
tinal bleeding with hematoma formation. The patient under-
went orthotopic heart transplantation on 23 days after
implantation of the Berlin Heart during a phase of maximal
medical treatment for the above mentioned problems. We
had to accept a relatively smaller donor heart because of
the clinical status of the recipient. The pretransplant impair-
ment of renal and liver function was responsible for a longer
hospital course after cardiac transplantation. Furthermore,
the patient developed severe critical illness polyneuropathy
that required a long period of an intensive physiotherapy.
He was discharged to a rehabilitation center 7 months after
orthotopic heart transplantation, where he achieved excel-
lent clinical improvement within 8 weeks. Therefore, the
rehabilitation was classified as a success in that our patient
could pursue his normal life with integration of all normal
daily activities.1714 The Journal of Thoracic and Cardiovascular SurDISCUSSION
The Berlin Heart Excor assist device has proved its
efficacy in infants and children with heart failure in terms
of a ‘‘bridge-to-transplantation’’ strategy.1 In patients with
single ventricle physiology, it has also been used for tempo-
rary circulatory assistance, eventually allowing successful
heart transplantation.2 The treatment of patients presenting
with heart failure after total cavopulmonary connection re-
mains an ongoing challenge. The chronic shortage of donor
organs frequently hinders timely heart transplantation, such
that temporary or long-term mechanical circulatory support
could be the last option for these patients. The question of
using single or biventricular support for a failing Fontan cir-
culation remains open. In 1 recent report, the use of single-
pump Excor support after cardiectomy was described with
postoperative hemodynamic challenges similar to those of
our patient. Their patient could not be bridged to transplan-
tation.3 Novel systems (eg, miniaturized continuous flow
pumps) have been considered to possibly improve the
outcome of mechanical circulatory support in similar
patients.4
In our patient, heart failure ensued rapidly, despite
maximal medical treatment. Our strategy helped our patient
to survive until heart transplantation. To our knowledge,
ours is the first report of the implantation of the Berlin Heart
Excor biventricular assist device as a total artificial heart
enabling a ‘‘bridge-to-transplantation’’ strategy in a patient
with single ventricle circulation.References
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